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The temperature and density dependencies of the exciton dephasing time in In0.18Ga0.82As/GaAs single
quantum wells with different thicknesses have been measured by degenerate four-wave mixing. The exciton-
phonon scattering contribution to the dephasing is isolated by extrapolating the dephasing rate to zero-exciton
density. From the temperature dependence of this rate we have deduced the linewidth broadening coefficients
for acoustic and optical phonons. We find acoustic-phonon coefficients that increase from 1.6 to 3 meV/K when
increasing the well width from 1 to 4 nm. This is in quantitative agreement with theoretical predictions when
the spatial extension of the exciton wave function, strongly penetrating into the GaAs barrier in thin
InxGa12xAs quantum wells, is taken into account. The optical-phonon coefficient does not show a systematic
dependence on well thickness, and is comparable with the value for bulk GaAs. @S0163-1829~99!02103-7#
I. INTRODUCTION
The effect of phonon scattering on the exciton linewidth
and dephasing time in bulk semiconductors and confined
systems has attracted a lot of interest in the last 15 years.
Most of the work in low-dimensional structures was dedi-
cated to GaAs/AlxGa12xAs quantum wells ~QW’s!.1,2 Full
width at half maximum ~FWHM! linewidth-broadening co-
efficients of ;4 meV/K for acoustic phonons and
;17 meV for optical phonons have been reported by Gam-
mon, et al.2 using temperature-dependent exciton linewidth
analysis on GaAs/Al0.3Ga0.7As quantum wells of different
thicknesses. On the well-width dependence of these coeffi-
cients, contradictory results are reported in the literature.2–5
In the single subband approximation, an acoustic-phonon co-
efficient proportional to the inverse of the well width is
predicted.5 Experimentally, a nearly constant value was
found by Gammon et al.2 and even a decreasing value when
decreasing the well width is reported by Schultheis et al.,3
while Hillmer et al.5 measure exciton mobilities indicating
an acoustic-phonon scattering that is decreasing with increas-
ing well width.
Much less attention has been paid so far on
InxGa12xAs/GaAs heterostructures, in spite of the increasing
importance of these systems, for instance, for the fabrication
of highly confined structures like quantum wires6 and quan-
tum dots.7 Recently, Braun et al.8 have reported an exciton-
acoustic phonon-scattering coefficient of 1161 meV/K in
wide In0.135Ga0.865As/GaAs quantum wires and in a two-
dimensional reference quantum well of 3 nm well width. A
value of 1.961 meV/K was previously found by Williams
et al.9 in InxGa12xAs/GaAs superlattices. An investigation
on the well-width dependence of the optical-phonon coeffi-
cient has not been reported to our knowledge in these sys-
tems.
In this work, we have studied the temperature and
exciton-density dependencies of the exciton dephasing time
in In0.18Ga0.82As/GaAs single quantum wells with well thick-
nesses from 1 to 4 nm, by time-integrated four-wave mixing
~TI-FWM!. Below 70 K the extrapolated zero-density
dephasing rates show a linear temperature dependence as ex-
pected for exciton-acoustic phonon scattering. At higher
temperatures, a strong increase due to longitudinal-optical
~LO! phonon scattering is observed. Adding both contribu-
tions, FWHM acoustic and optical-phonon coefficients are
deduced from the temperature-dependent dephasing, for all
the well widths investigated. We find an increase of the
acoustic-phonon coefficient from 1.6 to 3 meV/K with in-
creasing well width. This is in quantitative agreement with
the theoretical predictions when the effective spatial exten-
sion of the excitonic wave function in thin InxGa12xAs quan-
tum wells is taken into account. The optical-phonon coeffi-
cient is ranging from 9 to 18 meV, comparable to the value
for bulk GaAs.2
The paper is organized as follows: in Sec. II the samples
and the experimental setup are described. In Sec. III, we
discuss the analysis of the TI-FWM results, pointing out ad-
vantages and limits of the fitting procedure we have fol-
lowed. In Sec. IV the density and temperature dependencies
of the dephasing rates are discussed. In Sec. V a summary of
the paper is given.
II. SAMPLES AND EXPERIMENT
The samples are grown by molecular beam epitaxy in a
Varian GenII machine on ~100! GaAs substrates at 520 °C.
Each structure consists of two In0.185Ga0.815As single quan-
tum wells separated by a 100-nm-thick GaAs barrier, with
well thicknesses of 1–3 nm, 1.5–4 nm, and 2–7 nm, respec-
tively. The QW’s are pseudomorphic and of good optical
quality, with photoluminescence linewidths ranging from 0.7
to 3.2 meV.10 The back surfaces of all the samples have been
polished in order to reduce the scattered light in the time-
integrated, spectrally resolved four-wave mixing, that has
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been performed in reflection geometry using two excitation
pulses in the directions k1 and k2 with a tunable relative
delay time t12 . The laser source was a self-mode locked
Ti:sapphire laser providing 100 fs pulses at 76 MHz repeti-
tion rate. The pulses were chirp compensated and spectrally
shaped in a pulse shaper. The laser spectrum was centered on
the heavy-hole 1s exciton resonance of the samples, avoid-
ing to excite the heavy-hole exciton continuum, or the light-
hole exciton. The FWM signal was detected in the 2k22k1
direction, spatially selected by pinholes and spectrally re-
solved by a spectrometer and an optical multichannel ana-
lyzer with a spectral resolution of 0.2 meV.
The excited exciton densities were estimated by measur-
ing the excitation spot size and the optical power on the
sample, tacking into account the surface reflection. The ab-
sorption coefficient of each well was estimated by calculat-
ing the oscillator strength11 from the experimental values of
the exciton-binding energies.12,13 The spectral overlap be-
tween laser beam and absorption line was taken into account.
We have obtained exciton densities ranging from 43109 to
531010 cm22.
The polarization of the exciting beams was adjusted by
Babinet-Soleil compensators, and was colinear for all the
measurements reported in this paper. The samples were
mounted in a helium-flow cryostat at temperatures ranging
from 5 to 120 K.
III. FWM RESPONSE AND ANALYSIS
The TI-FWM traces show a dominating inhomogeneous
broadening in all the samples at low temperature ~5 K!. In
Fig. 1~a!, the TI-FWM trace at the heavy-hole exciton tran-
sition in the 1.5-nm-wide well at low temperature is dis-
played. The FWHM homogeneous (g) and inhomogeneous
(G) broadenings of the sample are deduced by fitting the
curve according to the expression reported by Erland et al.14
This expression reproduces the whole delay-time depen-
dence of the signal for positive delay @see solid line in Fig.
1~a!# and has the form
ITI-FWM~v ,t12!}UexpS 2gt1224 ln 2~vX2v!22~g/2!2
G2
D
3erfcF2A ln 2S g2G 2 Gt128 ln 2 1i vX2vG D GU
2
,
~1!
were vX is the frequency of the exciton resonance. This for-
mula is obtained assuming a constant dephasing time across
a Gaussian inhomogeneous distribution, and infinitely short
excitation pulses.
From the fit we obtain an inhomogeneous broadening
nearly 20 times bigger than the homogeneous one, as indi-
cated in the figure. Note that, when the error function be-
comes independent on the delay, i.e., for t12@1/G , an expo-
nential decay of the FWM trace vs the delay time t12 is
recovered, together with a Gaussian spectrum of ITI-FWM . In
the inset of Fig. 1~a! the spectral profile at 5 ps delay time is
shown ~dotted curve! together with a Gaussian fit ~solid
curve!. The resonance observed in the low-energy side of the
exciton distribution is due to biexciton formation, as con-
firmed by its polarization dependence in the FWM experi-
ment. The measured biexciton binding energy is 2.0 meV.
The width of the FWM spectrum is smaller than the inhomo-
geneous linewidth by a factor of A2, according to Eq. ~1!.
The deduced value of G51.0 meV is slightly larger than the
one obtained by the delay dependence of the FWM. The
inhomogeneous broadenings deduced by linewidth analysis
of photoluminescence ~PL! ~Ref. 10! and photoluminescence
excitation ~PLE! measurements13 are 1.2 and 0.9 meV, re-
spectively. In Fig. 1~b! the values of G as deduced by a
Gaussian fit of the FWM spectrum at 5 ps delay ~closed
square! and by the delay dependence of the FWM signal at
the exciton resonance ~open square! are reported for different
exciton densities. For comparison, the PL and PLE inhomo-
geneous broadening are indicated by the arrows. At high-
exciton density the inhomogeneous broadening deduced by
FIG. 1. ~a! Delay time dependence of the FWM signal at the
heavy-hole exciton transition in the 1.5-nm-wide well at 5 K. The
exciton density is 1.031010 cm22. The solid line is a fit of the
experimental curve, according to Eq. ~1!. Homogeneous (g) and
inhomogeneous (G) linewidths deduced by the fit are indicated. In
the inset, the spectral profile of the FWM signal at 5-ps delay is
plotted ~dotted line!, together with a Gaussian fit ~solid line!. ~b!
Inhomogeneous linewidth vs exciton density, as deduced by fitting
the spectral profile of the signal at 5-ps delay ~close square! as in
the inset of ~a!, or by fitting the delay time dependence of the FWM
at the exciton resonance ~open square! as in ~a!. For comparison,
the values deduced by PL and PLE measurements in Refs. 10 and
13 are indicated as arrows.
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the delay dependence of the FWM signal is in agreement
with the one obtained by the spectral profile at long delay,
and a deviation within 30% is observed at low densities.
Similar results are found in all the samples investigated. De-
viation of the distribution from a Gaussian are small, as in-
dicated by the spectral profiles of the FWM at long delay
times, where only a small high-energy tail is observed.
A nonconstant dephasing time across the exciton distribu-
tion, not taken into account in Eq. ~1!, has been reported for
strongly inhomogeneous broadened samples.15 In order to
investigate this point, we have plotted in Fig. 2 the spectral
profiles of the FWM signal ~dotted line! at 0.5 ps and 5 ps
delay time, for low-exciton density. In Fig. 2 the fits obtained
by using Eq. ~1! are also indicated as solid lines. The biex-
citonic resonance has been included into the fit according to
the expression reported by Langbein et al.16 The trace at
small delay time is broader than the one at long delay as
expected from Eq. ~1!. We conclude that the model of Erland
et al. is in good agreement with our experimental finding,
and no evidence of significantly different dephasing rates
within the optically excited exciton distribution is observed.
Equation ~1! is valid in the limit of nonlinearities due to
phase-space filling ~PSF!. It is known that other nonlineari-
ties, like excitation-induced dephasing ~EID!, can be a non-
negligible source of FWM, modifying the delay-time depen-
dence of the signal at positive delay in inhomogeneously
broadened systems.17 In particular, in colinear polarization
geometry EID has been demonstrated to be an important
nonlinearity in GaAs/AlxGa12xAs multiple QW’s.18,19 In the
sample investigated here, a strong difference of the FWM
intensity between colinear and cross-linear polarization of
the exciting beams is also found, indicating the presence of
EID. On the other hand, the good quality of the fits obtained
with Eq. ~1! and the small discrepancies reported in Fig. 1~b!
indicate that this extra nonlinearity has a similar delay-time
dependence as PSF. Similar results have been found in
GaAs/AlxGa12xAs single quantum wells,20 and explained
with a delay-dependent change of the EID efficiency.
Often in literature the dephasing rate is deduced by di-
rectly measuring the exponential decay rate of the FWM
trace, and dividing it by a factor of 4 when the transition is
mainly inhomogeneous and the signal in real time is a pho-
ton echo, or by a factor of 2 when the transition is homoge-
neous and the real-time decay of the signal is a free polar-
ization decay.17
In Fig. 3~a! the TI-FWM traces for different temperatures
are shown. The FWM traces show an exponential decay at
long positive delay times only for T<80 K; at T595 K the
increased homogeneous broadening due to phonon scattering
is comparable with the inhomogeneous one, and the traces
show a nonexponential decay. For higher temperatures, the
transition is mainly homogeneous and a prompt exponential
decay for short positive delay appears, due to free polariza-
tion decay, while it is nonexponential for long delay time. In
Fig. 3~b! we show the temperature dependence of the
dephasing rate 1/T2 of the 1.5-nm-wide well obtained by
FIG. 2. FWM spectra ~dotted line! at 5 K for the 1.5-nm-wide
well at 0.5-ps and 5-ps delay time, respectively, at an excited exci-
ton density of 1.031010 cm22. The spectra at short and long delay,
calculated from Eq. ~1! including the biexciton resonance ~Ref. 16!
are also indicated as solid lines.
FIG. 3. ~a! FWM traces vs delay time at the heavy-hole exciton
transition at different temperatures in the 1.5-nm-wide well. The
exciton density is 1.031010 cm22. Exponential fits of the slopes
are indicated. The FWM intensities are normalized. ~b! Tempera-
ture dependence of the inverse of the dephasing rate in the 1.5-nm-
wide well. The solid circle are the data obtained by fitting the FWM
traces with Eq. ~1!, while the open circles are obtained by measur-
ing the exponential slopes in the FWM traces as shown in ~a!.
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performing a fit of the FWM traces according to Eq. ~1! with
g52\/T2 ~solid circles! or by using a simple exponential
decay ~open circles!. In the latter case the FWM decay rate
has been divided by 4 at low temperatures, and by 2 at higher
temperatures, and the 95 K trace has been skipped. While for
T,40 K the two-fit procedures give rise to very similar
results, at higher temperatures a discrepancy is found. The
first fitting procedure is representing better the whole delay
time dependence of the experimental data for positive delay;
moreover an exponential behavior of the FWM curve is not
well defined at the transition from inhomogeneous to homo-
geneous broadening, as shown in Fig. 3~a!. We have, there-
fore, performed all the fits of the experimental results accord-
ing to Eq. ~1!.
IV. TEMPERATURE AND DENSITY DEPENDENCE
OF THE DEPHASING
After the discussion of the fitting procedure, in order to
determine the homogeneous broadening, we now present the
results. In Fig. 4~a! the density dependence of the homoge-
neous broadening, deduced by fitting the data as shown in
Fig. 1~a!, is reported for the 1-nm-wide well at 5 K. We
obtain a linear dependence of g in the range of exciton den-
sity used; the linear interpolation of the data is shown in the
figure. In Fig. 4~b! the dependence of g8 ~first derivative of g
with respect to the excited-exciton density! on the tempera-
ture is shown. The exciton density indicated refers to the
total excited density obtained by the sum of the exciting
beams. Similar results are found in all the samples investi-
gated. In Fig. 4~b!, the temperature at which the exciton
binding energy is equal to the thermal-activation energy kBT
is indicated with an arrow. We observe an increase of g8 for
temperatures above this value, as might be expected for a
higher carrier-exciton and/or carrier-carrier scattering effi-
ciency with respect to the exciton-exciton one.
We should comment that an accurate density and tem-
perature dependence of g and g8 can be obtained only when
the excited-exciton density is constant during the experi-
ment, for instance in presence of a continuous-wave excita-
tion. In our case, coherent exciton densities are created, that
evolve in time. When changing the delay time between the
two excited beams, different densities are probed. Moreover,
if at high temperature the system is mainly homogeneous,
the decay of the signal with delay time will probe the exciton
density created by the first beam only, while in a photon-
echo experiment the density created by the second beam is
also probed.
For the purpose of this work, the results reported in Fig. 4
show that exciton-exciton scattering influences the dephasing
time, and that the efficiency of this scattering depends on the
temperature. Therefore, in order to isolate the contribution to
the dephasing rate due to phonon-scattering, a zero-density
extrapolation of the dephasing rate has been performed at
each temperature. We want to comment that the results re-
ported by Braun et al.8 and by Williams et al.9 were obtained
without taking into account these effects.
FIG. 4. ~a! Density dependence of the homogeneous broadening
for the 1-nm-wide well at 5 K. A linear interpolation of the data is
also shown. ~b! Temperature dependence of the excitation-induced
dephasing coefficient. The arrow indicates the temperature at which
the exciton binding energy is equal to the thermal energy kBT .
FIG. 5. Temperature dependencies of the extrapolated zero-
density homogeneous broadening in all the samples investigated.
The solid lines are the best fits obtained by Eq. ~2!.
2218 PRB 59P. BORRI, W. LANGBEIN, J. M. HVAM, AND F. MARTELLI
In Fig. 5 the temperature dependence of the zero-density
extrapolated homogeneous broadening g0 is reported in all
the samples investigated. In the 3- and 4-nm-wide wells we
have found a strong quenching of the FWM signal together
with an enhancement of the dephasing rate for temperatures
below 40 K. This is indicated in Fig. 5 in the case of the
4-nm well. We have, therefore, considered the results only
for temperatures above 40 K, and the 7-nm-wide well has not
been investigated. We can comment that these features could
be explained by the presence of excess of carriers in the well
that eventually bleach the absorption and increase the
dephasing rate due to carrier-exciton scattering. When in-
creasing the temperature the excess of carrier can escape
from the well and a normal behavior is recovered. Anoma-
lous features in the exciton PL of these wide wells, disap-
pearing above 40 K, have been reported,21,22 indicating that
the carrier distributions are influenced by photoexcitation.
We want to point out that the observed behavior is not a
signature of impurities, since it appears only in the wide
wells, while it is not present in the thinner QW’s, which are
contained in the same structure.
The temperature-dependent homogeneous exciton line-
width at zero density due to acoustic- and optical-phonon
scattering can be expressed by23
g05g001aT1b
1
e\vLO /kBT21
. ~2!
The term g00 is the temperature-independent contribution,
aT is the acoustic-phonon contribution, which scales linearly
with temperature, and the last term is due to scattering with
LO phonons and is proportional to the Bose function for the
LO-phonon occupation number, with the LO-phonon energy
\vLO .
In Fig. 5 this expression has been plotted by using g00 ,a ,
and b as free parameters for the best fit with the data. Due to
the small indium content in our samples, the LO-phonon
energy has been fixed to the GaAs value of 36 meV. In the
three wells of 1-, 1.5-, and 2-nm width we find a value of g00
around 30610 meV. This corresponds to a dephasing time
T2 of ;45 ps. In the literature this value is often attributed
to scattering by impurities, alloy disorder, and/or interface
roughness. Alloy disorder and interface roughness are re-
sponsible for the inhomogeneous broadening of exciton line-
width, since these scattering sources are static and change the
energy-level distribution. The homogeneous part of the line-
width g00 is not affected by these mechanisms. On the other
hand, it has to be taken into account that, in the presence of
an inhomogeneous distribution, high-energy states can have
a faster dephasing rate due to the possibility of relaxation
toward the lower energies by phonon emission. In this sense,
alloy disorder and/or interface roughness can be a source of
dephasing. In an optical experiment, we are sensitive to
states in the inhomogeneous distribution with a predominant
K50 component, which are consequently more localized.
The FWM traces reported in this paper do not indicate a
different dephasing rate across the exciton distribution, as
already commented in the previous section. According to this
result, the energy relaxation within the distribution is not
expected to influence the measured g00 ; instead, spin
relaxation24 and radiative recombination are responsible for
dephasing at zero density and low temperature.
Due to the lack of experimental data at low tempera-
tures for the 3- and 4-nm-wide wells, we have fixed
g00530 meV in these two samples, and used a and b as free
parameters of the fit only. The results for the values of a and
b are shown in Fig. 6 for all the samples. We observe an
increase of the acoustic phonon coefficient when increasing
the well width, while the optical-phonon coefficient shows
no systematic variaton.
The well-width dependence of the acoustic-phonon coef-
ficient is given by the dependence of the spatial extension of
the excitonic wave function in the growth direction. In thin
InxGa12xAs QW’s, the excitonic wave function penetrates
significantly into the GaAs barrier ~mainly due to the elec-
tron wave function!, leading to a decrease of exciton binding
energies and inhomogeneous linewidths, with decreasing
well width.25 Photoluminescence and photoluminescence-
excitation measurements10,12 on the samples investigated
here show exciton linewidths and binding energies strongly
decreasing for well thicknesses below 3 nm.
We have calculated the spatial extension of electron and
heavy-hole wave functions in these samples using an
effective-mass model with a conduction-band offset
ratio.26,27 of 0.7 and other material parameters commonly
used in literature.28 In the calculation, the well width was
adjusted within 10% in order to fit the experimentally ob-
served excitonic transitions. In Fig. 7 the two electron wave
FIG. 6. ~a! Well-width dependence of the acoustic-phonon co-
efficient. The solid line is the theoretical dependence as predicted
by taking into account the spatial extension of the electron wave
function into the GaAs barrier. ~b! Optical-phonon coefficient as a
function of the well width. The arrow indicates the GaAs bulk value
reported by Gammon et al. ~Ref. 2!.
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functions for the 1-nm and 3-nm-wide wells are plotted. The
spatial FWHM of the square of the electron wave function
(Lc2) decreases from 7 to 4 nm when increasing the well
width from 1 to 3 nm, while it is nearly constant for the 3-
and 4-nm-wide wells. The hole wave function is always
more confined in the well region than the electron wave
function is.
In order to make a quantitative prediction of the depen-
dence of the acoustic-phonon coefficients on the well width,
we use the expression reported by Hillmer et al.5 for the
exciton mobility m due to acoustic-deformation potential
scattering:
m5
e\3v l
2rLz
D2M i
2kBT
, ~3!
here e is the electron charge, v l is the velocity of
longitudinal-acoustic ~LA! phonons, r is the mass density,
Lz is the well thickness, D is the interband hydrostatic-
deformation potential,23 and M i is the in-plane excitonic
mass, i.e., the sum of electron and heavy-hole in-plane
masses. The contribution to the linewidth due to piezoelec-
tric interaction of electrons and holes with acoustic phonons
~both LA and TA! is small compared to that from the
deformation-potential interaction,23 and, therefore, has not
been included. In order to relate the mobility to the measured
acoustic-phonon coefficient a we have used the following
expressions:
aT5
\
~T1!K50
, ~T1!K50.t5
M im
e
. ~4!
The first expression relates the homogeneous linewidth
with the probability 1/(T1)K50 of acoustic-phonon absorp-
tion from the optically active K50 state.23 The second ex-
pression relates this transition probability with the scattering
time t for the exciton mobility.29 Combining Eqs. ~3! and ~4!
we obtain
a.
M ikBD2
\2v l
2rLz
. ~5!
The scaling of the exciton-phonon scattering with the inverse
of the well thickness arises from the dependence of the
exciton-phonon-interaction matrix element on the phonon
wave vector along the confinement direction.30 Equation ~3!
assumes a 1s-exciton wave function formed by electrons and
heavy holes belonging to the first subband of the QW, with
infinite barrier potential.29 The corresponding electron and
hole wave functions along the confinement direction (z axis!
have the form
f ~z !5cos~pz/Lz!, uzu,
Lz
2 . ~6!
In our case, the electron and hole wave functions are not
confined into the well region only, as shown in Fig. 7. We
can define then an ‘‘equivalent’’ well thickness L¯ z with in-
finite barriers as the one in which the square of the wave
function has the same FWHM in real space as the wave
function with finite barrier ~Fig. 7!. According to Eq. ~6!, L¯ z
is twice the FWHM of the square of the real wave function.
Since the electron wave function is more extended into
the GaAs barrier than the hole wave function, the cutoff in
the overlap between acoustic phonons and exciton wave
function in the interaction matrix element is dominated by
the equivalent thickness of the electron wave function.30
Moreover, the hole-deformation potential is about seven
times smaller than that of the electron in GaAs,28 therefore,
the additional contribution of hole-phonon scattering at large
kz via deformation potential is negligible.
In Fig. 6~a! we have indicated as the solid curve the the-
oretical values of the acoustic-phonon coefficient calculated
by using Eq. ~5! with Lz52Lc2. Due to the small indium
content in our samples, we have used the values of v l , r ,
and M i reported by Hillmer et al. for GaAs. For the inter-
band hydrostatic deformation potential, values between 7
and 10 eV are reported for GaAs.28,5,23 The best fit of the
theoretical curve with our experimental results is found for
D57.860.5 eV.
By assuming Lz52Lc2 in Eq. ~5! we have neglected the
effect of the electron-hole Coulomb interaction in the spatial
extension of the exciton wave function along the confine-
ment direction. This can be important in the thinnest quan-
tum well where the exciton binding energy is comparable to
the confinement energies of the single carriers.13 There, we
can expect that the single subband approximation is not ap-
plicable and the width of the excitonic wave function is
FIG. 7. ~a! Spatial extension of the electron wave functions
along the growth direction, calculated by using an effective mass
model, for the ~a! 3-nm and the ~b! 1-nm-wide well. The potential
profile ~dotted line! and the corresponding conduction-band elec-
tronic level ecb1 are also indicated.
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smaller than Lc2. This corresponds to an increase of a, as
also indicated by the experimental point. We can also com-
ment that the theory used is the one commonly reported in
literature, where the effect of the inhomogeneous broadening
in the exciton wave function is not taken into account. When
the inhomogeneous broadening is bigger than the acoustic-
phonon energy, the effect of localization on the exciton wave
function has certainly to be taken into account, since the
interaction via acoustic phonons occurs within the inhomo-
geneous distribution. In the samples investigated here the
inhomogeneous broadening is always smaller than kBT at 40
K; for this reason and for simplicity of discussion we have,
therefore, neglected this effect.
In the investigated series of samples, the exciton-
confinement energy as well as the single-carrier confinement
energies change from below to above the LO-phonon energy,
when increasing the well thickness. Still, we do not measure
a systematic dependence of the optical-phonon coefficient on
the well width, as shown in Fig. 6~b!. This is in agreement
with the calculations of Gammon et al.,2 when higher sub-
bands are available as final states, as is the case in the inves-
tigated samples. In fact, when the well width is so small to
allow only one electron and hole subband, the confinement
energies are also small enough to allow a transition by ab-
sorption of one LO-phonon into the GaAs barrier, while,
when the confinement energies are bigger than the LO-
phonon energy, more hole levels are allowed in the QW. The
average value of the b coefficient is comparable with calcu-
lated and measured values of the optical-phonon coefficient
in GaAs bulk reported in the literature.2 We can comment
that when assuming an optical-phonon coefficient indepen-
dent of the well width, the fits obtained by using Eq. ~2! with
b as a fixed parameter equal to 14 meV are worse with re-
spect to the ones shown in Fig. 5. This indicates that a weak
dependence of the b coefficient on the well width is actually
present but not clearly resolved from our measurements due
to the experimental error bars. In fact, peaked features in the
predicted dependence of the optical-phonon coefficient on
the well width have been reported by Gammon et al.2 and
expected to be quite weak.
V. SUMMARY
We have investigated the exciton-phonon interaction via
acoustic and optical phonons by measuring the temperature
dependence of the exciton dephasing rate in
In0.18Ga0.82As/GaAs single-quantum wells of different thick-
nesses. In order to correct for dephasing due to exciton-
exciton interaction, density-dependent FWM measurements
have been performed and the temperature dependence of the
zero-density dephasing rate has been extracted. This depen-
dence is in good agreement with exciton-acoustic phonon
interaction via deformation potential at low temperatures and
with exciton-LO phonon interaction at higher temperatures.
Linewidth broadening coefficients for acoustic and optical
phonons have been measured for all the samples. We have
found a decreasing of the acoustic-phonon coefficient from 3
to 1.6 m eV/K when decreasing the well width from 4 to 1
nm, in agreement with theoretical predictions when the pen-
etration of the excitonic wave function into the GaAs barrier
is taken into account. The value of the optical-phonon coef-
ficient does not show a systematic dependence on the well
width within the experimental error, and it is comparable
with the GaAs bulk value.
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